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QED vs. QCD

QED QCD

V Flux tube, squeezed one-dimensionally
V Confinement potential

V Electric field spreads all over the space
V Coulomb potential
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EnergyMomentum Tensor (EMT)

Physics around ὗὗin terms of energy and stress
goal
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VGaugeinvariant !

VDetermineabsolutevaluesof all components

Local 
Interaction



A lot of Previous Studies

Cardoso et al., PRD86 (2013) 054501.Ceaet al., PRD88 (2012) 054504.

3

Action densityColor electric field

ὼ

ᾀ
ώ

mid

ώᾀ
Ὑ

Ὡ
Ὡ

Ὡ

Lattice 2018 @ MSU (2018/07/23)



A lot of Previous Studies

Cardoso et al., PRD86 (2013) 054501.Ceaet al., PRD88 (2012) 054504.

3

Action densityColor electric field

ὼ

ᾀ
ώ

mid

ώᾀ
Ὑ

Ὡ
Ὡ

Ὡ

Lattice 2018 @ MSU (2018/07/23)

More direct physical quantity : Stress tensor !!



Measurementof the stress on the Lattice

prepare ὗὗon the lattice and measure EMT around ὗὗ

To Do
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Ground state potential

Wilson Loop Confinement potential

ἂὡ ὙȟὝἃ
ὅÅØÐὠὙὝ ὅÅØÐὠ ὙὝ Ễ

Vquenched SU(3) Yang-Mills
V φȢφππ(ὥ πȢπσψÆÍ)

prepare ὗὗon the latticeand measure EMT around ὗὗ

To Do

Measurementof the stress on the Lattice
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EMT defined via gradient flow 
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Suzuki (2013)

Gradient flow
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Flow eq. [ǳǎŎƘŜǊ(2010)

ὄ : smeared field

FlowQCD(2016)

Entropy density vs. temperature

Gradient flow

Integral method

prepare ὗὗon the lattice and measure EMT around ὗὗ

To Do

Measurementof the stress on the Lattice
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Setup

VQuenched SU(3)Yang-Mills gauge theory

VWilson gauge action

VClover operator

VContinuum limit

VAPE smearing for spatial links

VMultihit improvement in temporal links

VSimulationusing BlueGene/Q @ KEK

♫ Latticespacing Lattice size # of statistics

6.304 πȢπυχfm τψ 140

6.465 πȢπτφfm τψ 440

6.513 πȢπτσfm τψ 600

6.600 πȢπσψŦƳ τψ 1500

6.819 πȢπςωfm φτ 1000

0.92 fm
0.69 fm

0.46 fm
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Stress distributionin Maxwell theory
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V Stress tensor
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ὭȟὮ ρȟςȟσȠὯ ρȟςȟσ

V Perpendicular plane: ‗ π
V Parallel plane: ‗ π

Lattice 2018 @ MSU (2018/07/23) 6

Note that the length of the arrow is 

equal to ‗
Ὢ „ὲ Ƞ„ Ὕ

ᴆὪ

ᴆὪ

Landau and Lifshitz



Stress distribution in SU(3) YM theory

Vὥ πȢπςωÆÍ(no continuum limit)
VὸȾὥ ςȢπ(no ὸO πlimit)
VὙ πȢφωÆÍ
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SU(3) YM theory vs. Maxwell theory

SU(3) YM theory Maxwell theory
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VGauge invariant
VIn terms of local interaction
VPropagation of force : squeezed vs. spreading
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We focus on the mid-plane: double extrapolationnext

SU(3) YM theory vs. Maxwell theory

SU(3) YM theory Maxwell theory
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Double extrapolation @ mid point(╡ Ȣ ÆÍ)

ὥ

ὸ

Strong 
discretization effect

Double extrapolation

ὕÌÁÔὕÃÏÎÔὃὸ ὃ ὸὥ Ễ

FlowQCD(2016)
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Double extrapolation
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Strong 
discretization effect
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FlowQCD(2016)

ὥᴼπlimit

Double extrapolation @ mid point(╡ Ȣ ÆÍ)
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Strong 
discretization effect
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FlowQCD(2016)

continuum

Double extrapolation @ mid point(╡ Ȣ ÆÍ)

Double extrapolation
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Strong 
discretization effect

Range1

Range2
Range3
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FlowQCD(2016)

Double extrapolation

Double extrapolation @ mid point(╡ Ȣ ÆÍ)

Lattice 2018 @ MSU (2018/07/23) 9



Cylindrical coordinate
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Diagonalization of EMT

(Cylindrical symmetry and parity symmetry)
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Degeneratein Maxwelltheory !

Cylindrical coordinate

Diagonalization of EMT

(Cylindrical symmetry and parity symmetry)
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Distribution of ╣╬╬╠╠ ╬ ȟ◑ȟ►ȟⱣ in mid-plane
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